as a result of feedback from small intestinal luminal receptors. The magnitude of this decreased emptying rate is dependent on the nutrient (Hunt, 1983) , the region (Lin et al, 1992) and the length of small intestine exposed (Lin et al, 1990 ). The motor mechanisms by which stimulation of small intestinal receptors leads to slowing of gastric emptying are still poorly understood (Heading, 1994) but a combination of reduced propulsion and increased resistance to outflow is thought to be responsible (Miller et al, 1981; Malagelada, 1989) . In both animal and human studies, small intestinal infusion of nutrients is associated with decreased fundic tone (Azpiroz and Malagelada, 1985a) , reduced antral motility (White et al, 1981; Keinke and Ehrlein, 1983) , stimulation of both phasic and tonic pressure waves localized to the pylorus (Heddle et al, 1988b) , changes in the diameter of the pylorus (Ehrlein, 1992) and increased duodenal motility (Weisbrodt et al, 1969; Haba and Sarna, 1993) . The former motility patterns observed at the pyloric region are supposed to produce an increased resistance. However, because of the methodological difficulty in assessing resistance, ie, the phenomenological description of the relationship between pressure differences and flow within the pyloric segment (Malbert et al, 1995) , the pyloric resistance has never been truly quantified in situations associated with slower gastric emptying (Horowitz and Dent, 1994 (Malbert and Mathis, 1994) and is dependent on the relationship between motor events in different regions of the stomach and proximal small intestine. Furthermore, the stomach is capable of considerable compensation before the overall rate of gastric emptying is compromized (Malbert and Mathis, 1994). Since nutrients infused at the jejunal level decrease fundic tone (Azpiroz and Malagelada, 1985a) (Treacy et al, 1990) and it enabled a steady pyloric resistance for prolonged periods (Malbert and Mathis, 1994; Malbert et al, 1995 (Dent, 1976) . The 3.5 mm diameter manometric probe was inserted into the antrum through a small incision in the ventral corpus and positioned so that one side hole was located in the terminal antrum -2 cm from the orad end of the sleeve and one within the pyloric canal at 2 cm from the orad end of the sleeve. The third sidehole was positioned in the duodenal bulb about 4 mm from the distal end of the sleeve. The manometric assembly was sutured to the duodenal wall and anchored by a purse suture to the antrum to maintain the correct position of the sideholes (Malbert et al, 1992) .
A flowmeter probe (Malbert and Latour, 1987) was inserted in the duodenal lumen with its proximal edge less than 5 mm from the distal end of the pylorus as described previously (Malbert et al, 1992 (Malbert and Ruckebusch, 1989b ) that maintained the intrabag pressure at 980 Pa (above atmospheric pressure), a pressure that did not modify the gastrointestinal motility pattern (Azpiroz and Malagelada, 1985b) or the gastric emptying rate of liquid meal (Ropert et al, 1993) , (fig 1 The combination of the barostat and the constant intragastric infusion of saline maintained a constant distension of the stomach and minimized any influence of changes in fundic tone on gastric emptying (Ropert et al, 1993) .
Jejunal infusion and nutrient drainage were performed by isolating the lumen of the first jejunal arcade aboral to the ligament of Treitz from the remaining gut and inserting two catheters (10 0 mm OD, 8 mm ID), one at the proximal and one at the distal side of the loop inside the lumen. Neuromuscular continuity with the distal duodenum at one end and with the proximal jejunum at the other end was maintained by two bridges (7 mm in width, 10 mm in length) incorporating the tunica muscularis (Quigley et al, 1987) .
Measurements Motor events
The side-holes in the manometric assembly were perfused with degassed distilled water using a low-compliance pneumohydraulic pump (IP 8000, Gould, France), at a reservoir pressure of 760 mmHg, giving a constant flow rate of 0.3 mL.min (Amdorfer et al, 1977 
Flow rate
The flow probe was connected to an electromagnetic flowmeter as described previously (Malbert and Latour, 1987; Malbert and Mathis, 1994; Malbert et al, 1995) . The electromagnetic flowmeter was based on a Gould flowmeter (SP 2002) and was connected to a micro-controller (SAB 80515, Siemens, Munchen, Germany), which continuously adjusted the baseline. Retrograde flow was detected as a deflection of the flow path below the baseline. As in previous studies (Malbert and Ruckebusch, 1991; Malbert and Mathis, 1994) (Heddle et al, 1988a) were considered as isolated pyloric pressure events (IPPWs).
For each flow pulse: peak flow rate (in millilitre per second), stroke volume (in millilitres) and pulse duration (in seconds) were automatically derived from the curve V' = f(t) according to the previously described methods (Malbert and Ruckebusch, 1989a; Malbert et al, 1992) . A flow pulse was defined as a flow increase above the baseline greater than 0.5 mL.s-1 , that lasted more than I s and less than 8 s. Multiple criteria, which included the beginning and end slopes, decline time, shoulder slope, were used to define the onset of flow pulse (Malbert et al, 1995) . Separation of merged flow pulses from those with multiple peaks was performed using interpeak duration and height parameters. Non-pulsatile flow was quantified by subtracting the volume of pulsatile flow from the total volume of duodenal effluent.
Pyloric resistance
Values for pyloric resistance were calculated from the pressure and flow data by an analysis of the relationship between the pressure and flow rate (Malbert and Ruckebusch, 1991 (fig 5) . In 31 % of flow pulses, backflow events were recorded immediately upon the cessation of forward flow. The volume of the backflow episode amounted to 15% of the forward flow (0.1 ± 0.03 mL).
There were no significant differences in the characteristics of flow pulses between the first and the second 40 min of the experimental period (see fig 5) .
Nutrient infusions
Nutrient infusions did not alter the overall gastric emptying rate of saline (table II) (fig 7) . The end of the flow pulse was always associated with the onset of this pyloric pressure event (fig 6) . Sixteen percent of the flow pulses were not associated with a pyloric pressure event. The stroke volume of these pulses was less (0.6 ± 0.19 9 versus 0.8 ± 0.23 mL, P < 0.05) than that of flow pulses associated with pyloric pressure events.
The relationship between flow and transpyloric pressure difference was ellipsoidal so that flow rate and pressure difference increased and then decreased simultaneously. Mean pyloric resistance was 4.6 ± 0.54 mmH -.mL-l .s-1 (0-80 min). (Malbert et al, 1995) . Extrinsic and intrinsic nervous control of motor and flow patterns was also present in this model (Malbert and Mathis, 1994) . The concentration of nutrient infused in the small intestine was within the range of that known to slow gastric emptying in the pig (Gregory and Rayner, 1987; Landers et al, 1990) . The length of the nutrient exposed jejunal segment was about equal to 2/lOth of the total small intestine length; a value within the range of those explored by others (Lin et al, 1989) . Furthermore, the inhibition of phasic antral motility and the exclusive presence of isolated pyloric pressure events observed after the infusion of nutrients were identical to those already described in humans, dogs and pigs (Heddle et al, 1988a, b; Treacy et al, 1990 (Miller et al, 1981 (Miller et al, 1981 (Heddle et al, 1988a, b) , acidification of the duodenum (Allescher et al, 1989) and duodenal cold stress (Fone et al, 1990 ). In our study, their uneffectiveness in reducing gastric emptying might be related to the presence of the fundic barostat that maintained the fundic pressure, thus avoiding the possible fundic distension generated by the inhibition of gastric emptying (Fone et al, 1990; Edelbroek et al, 1993) . The linear relationship, found in conscious pigs, between the frequency of IPPWs and the degree of gastric distension strongly supports this view (Treacy et al, 1994 ).
In conclusion, under controlled low fundic pressure, gastric emptying rate of saline was not significantly modified by jejunal nutrients. However, the mechanisms of gastric emptying were altered, the transpyloric flow pulses being more propulsive but less frequent. The origin of this increased stroke volume was a decreased pyloric resistance.
